The sympathetic skin response (SSR) is considered as one of the indexes of autonomic nervous system functions, especially related with the sudomotor function of unmyelinated sympathetic fibers. SSRs are recorded as the potentials with biphasic or multiphasic waveforms by conventional electromyography. SSRs are evaluated by measuring latency (time from the stimulus to the onset), amplitude, and area (the space under the curve of the waveform). Although dysautonomia is a feature of chronic obstructive pulmonary disease (COPD), as demonstrated by acetylcholine sweat-spot test, there are no data concerning SSR in COPD patients. In this study, we electrophysiologically investigated the sudomotor function of the sympathetic nervous system in patients with COPD. SSRs were recorded in 30 patients with COPD and 21 healthy volunteers. Normal responses were obtained from all subjects in the control group. No response was observed in three patients with COPD. The mean latency, amplitude and area values of the potentials recorded of the remaining 27 patients were compared to the control. The mean latency was longer ( p < 0.01) and the mean amplitude and area values were lower ( p = 0.012, p = 0.021, respectively) in the patients compared to the control. We also demonstrated significant correlations between the latency, amplitude, or area values of the SSR and two parameters of pulmonary function tests forced expiratory volume one second/ forced vital capacity (FEV1/FVC) and FEV1/FVC %. In conclusion, SSR is impaired in patients with COPD, which indicates the dysfunction of the sympathetic nervous system. Furthermore, the degree of impairment in SSR may reflect the severity of airway obstruction in patients with COPD. chronic obstructive pulmonary disease; sympathetic skin response; autonomic nervous system; dysautonomia; electromyography
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In chronic obstructive pulmonary disease (COPD) and asthma, airway obstruction is mainly determined by the contractile state of smooth muscle cells in the airway, the thickness of the airway walls, and elastic recoil of the lungs and hypersecretion of mucus. Autonomic nerves can influence the airway caliber via their effects on airway smooth muscles, bronchial vessels and mucous glands, and may therefore contribute to the narrowing of the airway in COPD and asthma; but there is no direct evidence supporting the presence of abnormal autonomic control in COPD (de Jongste et al. 1991) . Although the airway smooth muscle cell possesses many relaxing beta-2 receptors, it receives only a few sympathetic nerves (Davis and Kannan 1987) . It was also shown that pulmonary sympathetic denervation by high thoracic epidural anesthesia did not increase airway resistance in patients with COPD (Groeben et al. 1995) . Inflammation and oxidative stress seem to be more important mechanisms in the pathogenesis of COPD (Ichinose 2003) .
On the other hand, many studies investigating the autonomic nervous system (ANS) functions by different methodologies indicated the dysautonomia in COPD (Stewart et al. 1991; Volterranni et al. 1994; Pagani et al. 1996) . Stewart et al. (1994) demonstrated the presence of sympathetic autonomic neuropathy in patients with COPD by acetylcholine sweat-spot test and emphasized that subclinical autonomic neuropathy is a feature of hypoxaemic COPD.
In this study we aimed to investigate the sudomotor function of the sympathetic nervous system in patients with COPD electrophysiologically. To our knowledge there are no data concerning sympathetic skin response (SSR) in COPD patients. This test especially evaluates the sudomotor function of unmyelinated sympathetic fibers (Fagius and Wallin 1980) . SSR is a simple, reproducible test evaluating the polysynaptic reflex having diverse afferents, a common efferent pathway through the spinal cord, pre-and postganglionic sympathetic fibers and sweat glands as effectors. The reflex is coordinated in the posterior hypothalamus or upper brainstem reticular formation (Arunodaya and Taly 1995) . The electrophysiologic technique for obtaining SSR has been defined to quantify the changes in voltage which have been attributed to sudomotor activity. It is measured from skin after electrical stimulation (Shahani et al. 1984) . The transient changes in the skin electrical resistance have been attributed to the movement of ions across the membrane of skin sweat gland cells (Lader and Montagu 1962) .
MATERIALS AND METHODS

Patients
Thirty patients with COPD (21 men, 9 women), and 21 healthy volunteers as the control group (15 men, 6 women) were enrolled in this study. Age, sex and disease duration of each subject were recorded. As it was reported that the SSR latency was correlated well with height (Oh 1993) , the heights of the subjects were also recorded. None of the subjects were taking any systemic medication and had any other disease that could affect the SSR recordings. None of the subjects were using inhaler corticosteroid. Inhaler anticholinergics and/or sympathomimetics that were used by some patients were terminated one day before the tests. All of the COPD patients were ex-smoker, and all of the subjects were non-smoker in the control group. According to clinical and pulmonary function test (PFT) values, 6 patients had mild, 11 had moderate, 13 had severe COPD.
Peripheral neuropathy and other neurological disorders were excluded by neurological examination, and normal motor and sensory functions of nervi medianus were revealed by electroneurographic examination in all of the subjects. Informed consent was taken from all of the subjects. All experiments were performed in compliance with the relevant laws.
Methods
This study was performed in a semi-darkened room at an ambient temperature of 23°C while the patients were in relaxed and supine position at the same hours of the day (12 : 00-1 : 00 p.m.). SSR recordings were performed by a Medelec Premiere Plus electromyography (EMG) machine. Stainless steel disk electrodes in 6 mm diameter were used for the recordings. The active electrode was attached to the palm, and the reference electrode was attached to the dorsum of the hand, bilaterally. Band pass filters were set between 1 and 1,000 Hz and the sensitivity was 0.5 and 1 mV. SSR recordings were obtained from both hands using two channels after one pulse. Pulses in 0.1 milliseconds duration and 30 mA intensity were applied to the skin of both wrists exciting nervi medianus and totally four SSR recordings were obtained from each subject. The latency and amplitude measurements in SSR were performed manually by the cursors of the EMG machine. Latency was measured with the sensitivity of milliseconds from the onset of stimulus artifact to the onset of skin response and recorded as seconds. The amplitude was measured in millivolts from peak to peak. The area under the negative component of SSR was recorded automatically in millivolts second.
After SSR study, PFT and arterial blood gas analysis were performed in each patient with COPD on the same day. PFT was done with a spirometry (MIR ® ) that used dry system infrared interruption method. Forced vital capacity (FVC), FVC%, forced expiratory volume one second (FEV1), FEV1%, FEV1/FVC, FEV1/FVC% and peak expiratory flow (PEF) and PEF% values of the patients were recorded. pH, pCO 2 , pO 2 and saturation of O 2 values were obtained by blood gas analysis system in each patient.
Statistics
Statistical analysis was done using Statistical Package for Social Sciences (SPSS) for Microsoft Windows. For each subject, the mean values of the parameters obtained from the best four responses were calculated. The groups were compared for the mean age, the mean latency; the mean amplitude and the mean area under the negative component of SSR values by student t-test. The male/female distribution of the groups was compared by chi-square test. The correlation analyses between the SSR parameters (latency, amplitude and area under the negative component) and PFT parameters or the values of arterial blood gases were performed by Pearson test.
RESULTS
The mean ages of COPD and control group were 60.9 ± 9.54 years and 57.28 ± 7.85 years, respectively ( p = 0.160). The mean height of the subjects were 163.6 ± 6.7 cm and 161.61 ± 5.56 cm, respectively ( p = 0.275). The gender distributions of the two groups were also found to be comparable ( p > 0.05). The mean duration of disease was 69.88 ± 0.52 months in the patient group. Normal responses could be obtained from all of the subjects in control group. The recorded potentials were biphasic or triphasic (Fig. 1A) . In three patients with COPD no response could be observed (Fig. 1C) . As shown in Fig. 1B , the responses obtained from the patients with COPD were generally in small amplitude and had prolonged latency. The calculated latency, amplitude and area values of the SSR potentials of the rest 27 patients were compared to the control group.
The mean latency, amplitude and the area under the negative component values of SSRs were summarized in Table 1 . The mean latency of the potentials was longer ( p < 0.01), and the mean amplitude and area values were lower ( p = 0.012, p = 0.021, respectively) in patient group.
Results of PFT and blood gas analysis of the patients were summarized in Table 2 amplitude and FEV1/FVC % (r = 0.523, p = 0.022), the area and FEV1/FVC % (r = 0.519, p = 0.023) were detected. There were no significant correlations among the parameters of SSR and the duration of the disease. Also no meaningful correlations were detected among the arterial blood gas results and SSR parameters.
DISCUSSION
In the current study we detected impairment in sympathetic skin responses in COPD patients. While SSR could be obtained from all of the control subjects, it could not be obtained from three patients with COPD. In the rest 27 patients, the mean latency of the potentials was longer, and the average amplitude and the area were lower compared to the control group. We propose that the sympathetic nervous system is affected in COPD. We also showed that some parameters (FEV1/FVC and FEV1/FVC%) of PFT reflecting the degree of airway obstruction were correlated with sympathetic nerve function on sweat glands. It is impossible to detect the source of sympathetic dysfunction in CODP by SSR. Probably hypoxia causes sympathetic autonomic neuropathy. Gross and Skorodin (1984) studied the relative contribution of sympathetic and parasympathetic mechanisms in airway obstruction in patients with emphysema, by applying supramaximal doses of anticholinergic and adrenergic agents. They concluded that parasympathetic activity is a dominant reversible component of airway obstruction. Groeben et al. (1995) detected that the sympathetic blockage induced by high thoracic epidural anesthesia did not cause any evident increase in airway resistance in COPD patients. Primary neural control of airway function is via parasympathetic pathways (Bleecker 1986) and there is no convincing data for the presence of abnormal adrenergic control in the airways of patients with COPD (de Jongste et al. 1991) . According to the authors, postjunctional factors such as airway thickening, decreased elastic recoil of the lungs, mucus hypersecretion and increased reflex vagal activation may well suffice to explain airway obstruction. They also indicate that many aspects of airway caliber regulation by the ANS are still unclear and require further study. Based on these findings summarized above, sympathetic dysfunction has no major role in COPD pathogenesis, but COPD might cause sympathetic dysfunction. Abnormalities in both parasympathetic and sympathetic nervous system in COPD patients were demonstrated in many studies. Depressed heart rate variability (HRV) responses to sympathetic and vagal stimuli were detected in a study (Volterrani et al. 1994) . Stewart et al. (1991) defined definite autonomic dysfunction (35%) and early autonomic neuropathy (47%) in COPD patients, based on the findings in heart rate responses to valsalva maneuver, deep breathing and postural change (mainly of parasympathetic function), and blood pressure responses to postural change and sustained handgrip (mainly of sympathetic origin). The authors emphasized that intraneural hypoxemia was recognized as a pathogenic mechanism in diabetic neuropathy and a similar pathophysiological process might occur in COPD. In another study, they also detected impaired sweating in patients with COPD by acetylcholine sweat-spot test (Stewart et al. 1994) . It was also stated that sympathetic excitatory modulation of the sinoatrial node was depressed in COPD patients (Pagani et al. 1996) . Increased vagal activity that was evident at nights, and decreased urinary noradrenaline and adrenaline levels were detected in COPD patients, and it was hypothesized that this ANS imbalance might underlie the nocturnal dyspnea in patients with chronic airflow obstruction (Postma et al. 1985) .
All these studies summarized above indicate ANS dysfunction. Detection of ANS dysfunction in COPD is important. It may develop as secondary to the disease process, but in time, it may cause some negative effects on the progression of the disease and may create a vicious circle. It was indicated that patients with ANS dysfunction were more hypoxemic and had lower FEV1 and prolonged QT. It was also demonstrated that ANS dysfunction in patients with COPD was related with ventricular arrhythmias (Sharp et al. 1998) and patients with COPD who had ANS dysfunction were more prone to edema because of reduction in urine outflow compared to the patients with intact ANS functions (Stewart et al. 1995) .
In conclusion, impairment of SSR was demonstrated electrophysiologically in patients with COPD. This finding indicates the sudomotor dysfunction of ANS in COPD. We also demonstrated that severity of the airway obstruction was correlated with the sudomotor dysfunction of sympathetic nervous system in patients with COPD. We recommend this cheap and easy method in detection and evaluation of the sympathetic nervous system dysfunction in patients with COPD.
